We report the discovery and complex analyses of the first two compact hierarchical triple star systems discovered with TESS in or near its southern continuous viewing zone during Year 1. Both TICs 167692429 and 220397947 were previously unknown eclipsing binaries, and the presence of a third companion star was inferred from eclipse timing variations exhibiting signatures of strong 3rd-body perturbations and, in the first system, also from eclipse depth variations. We carried out comprehensive analyses, including the simultaneous photodynamical modelling of TESS and archival groundbased WASP lightcurves, as well as eclipse timing variation curves. Also, for the first time, we included in the simultaneous fits multiple star spectral energy distribution data and theoretical PARSEC stellar isochrones, taking into account Gaia DR2 parallaxes and cataloged metallicities. We find that both systems have twin F-star binaries and a lower mass tertiary star. In the TIC 167692429 system the inner binary is moderately inclined (i mut = 27 • ) with respect to the outer orbit, and the binary vs. outer (triple) orbital periods are 10.3 vs. 331 days, respectively. The mutually inclined orbits cause a driven precession of the binary orbital plane which leads to the disappearance of binary eclipses for long intervals. In the case of TIC 220397947 the two orbital planes are more nearly aligned and the inner vs. outer orbital periods are 3.5 and 77 days, respectively. In the absence of radial velocity observations, we were unable to calculate highly accurate masses and ages for the two systems. According to stellar isochrones TIC 167692429 might be either a pre-main sequence or an older post-MS system. In the case of TIC 220397947 our solution prefers a young, pre-MS scenario.
INTRODUCTION
Close, compact, hierarchical, multiple stellar systems, i.e., multiples at the lowest end of the outer period domain, comprise a small but continuously growing group of the triple and multiple star zoo. The significance of these most compact systems lies in the fact that they challenge or, at least probe, the alternative multiple star formation scenarios by their extreme properties. Furthermore, due to the relatively readily observable short-term dynamical interac-E-mail: borko@electra.bajaobs.hu tions amongst the components, their dynamical as well as astrophysical properties can be explored with a high precision. For example, one key parameter that can be measured through the dynamical interactions in a compact triple system is the mutual inclination of the inner and outer orbits. This quantity is expected to be a primary tracer of the formation process(es) of triples and their later dynamical evolutions leading to the present-day configurations of the systems (see, e. g. Fabrycky & Tremaine 2007; Moe & Kratter 2018; Tokovinin & Moe 2019 , and further references therein). Other, less emphasized parameters which can be deduced almost exclusively from the observations of short-term dynamical interactions of such systems are the orientations of the orbits relative to the intersections of their orbital planes (Borkovits et al. 2011) . These parameters, the so-called dynamical arguments of periastron (i.e., the argument of periastron measured from the ascending node of the respective orbit relative to the invariable plane of the system instead of the tangential plane of the sky) have substantial importance for the long-term dynamical evolution of highly inclined multiples (see, e. g. Ford et al. 2000; Naoz 2016 , and further references thereins).
Before the advent of the era of space telescopes dedicated to searches for transiting extrasolar planets, only a very limited number of extremely compact triple or multiple stars were known. The preferred method for finding close tertiary components, before space missions, was the radial velocity (RV) measurements of known close binaries (discovered either by photometry or spectroscopy). Third stellar components orbiting eclipsing binaries (EB) could also be detected photometrically (and, frequently were), through eclipse timing variations (ETVs) due either to the lighttravel time effect (LTTE) or to direct third-body perturbations. Ground-based detection of close third stellar companions via ETVs, however, is less efficient for the following reasons. First, the LTTE is biased toward longer periods and more massive tertiaries since the amplitude of an LTTE-caused ETV is ALTTE ∝ m C m 2/3 ABC P 2/3 2 . For the shortest outer period systems this usually remains below the detection limit of ETVs found in strongly inhomogeneous groundbased eclipse timing observations. Second, the amplitude of the short-term dynamical perturbations on the ETVs scales with both the inner period and the inner to outer period ratio (A dyn ∝ P 2 1 /P2), therefore, it becomes observable at the accuracy of ground-based measurements only for longer period EBs, which are unfavoured for ground-based photometry (see, the discussion of Borkovits et al. 2003) .
While today's dedicated spectroscopic surveys lead continually to the discovery of new very compact multiple stellar systems (see, e. g., most recently Tokovinin 2019, and further references therein), in the era of space photometry, photometric detection of these systems has became the dominant discovery mode. This breakthrough was largely due to the Kepler space telescope (Borucki et al. 2010 ) thanks to which the number of the closest compact triple (and in part, probably multiple) stellar systems has grown significantly over the last decade. Borkovits et al. (2016) have identified more than 200 triple star candidates amongst the ∼ 2900 EBs (Kirk et al. 2016 ) observed quasi-continuously by Kepler during its four-year-long primary mission. Eight of these triple candidates have outer periods less than 100 days and an additional ∼ 27 systems were detected with outer periods less than 1 year. Moreover, Borkovits et al. (2016) have shown that the absence of further very short outer period triples amongst Kepler's EBs cannot be an observational selection effect. At least three additional very short outer period triple stars were detected in the fields of the K2 mission; two of them, HD 144548 (Alonso et al. 2015) and EPIC 249432662 (Borkovits et al. 2019a ) exhibit outer eclipses, while the third, HIP 41431, which was discovered independently as a spectroscopic triple, is indeed at least a 2+1+1 quadruple system (Borkovits et al. 2019b ). Moreover, Hajdu et al. (2017) identified four triple-star candi-dates with outer periods probably less than 1 year amongst EBs observed by the CoRoT spacecraft (Auvergne et al. 2009 ).
In this paper we report the discovery and detailed analysis of the first two close, compact, hierarchical triple (or multiple) stellar systems, TICs 167692429 and 220397947 observed by the TESS spacecraft (Ricker et al. 2015) . Both systems consist of previously unknown EBs composed of nearly equal mass (q1 > 0.9) F-type stars (in the parlance of the binary-and multiple-star community: 'solar-type stars'). Both EBs have a detached configuration, and the orbital periods are P1 = 10.26 and P1 = 3.55 days for TICs 167692429 and 220397947, respectively. Both of them exhibit threebody perturbation-dominated, short-term ETVs, with periods P2 = 331 days for TIC 167692429 and P2 = 77 days for TIC 220397947. For TIC 167692429 the moderately eccentric EB exhibits eclipse depth variations with a clear signature of an outer periastron passage bump as a sign of an inclined eccentric tertiary. Both systems were observed with the WASP-South cameras (Hellier et al. 2011 ) between 2008 and 2014. These early lightcurves have been included into our analyses of the two systems. On the other hand, however, no RV measurements are available for these systems. Therefore, we use spectral energy distribution ('SED') information, Gaia DR2 parallaxes, and theoretical PAR-SEC isochrones to constrain stellar masses and temperatures throughout the joint photodynamical analysis of the TESS and WASP lightcurves and ETV curves.
In Section 2 we describes all the available observational data, as well as their preparation for the analysis. Then, Section 3 provides a full explanation of the steps of the joint physical and dynamical modeling of the light-and ETV curves, SED, parallax and stellar isochrones. In Sections 4 and 5 we discuss the results from astrophysical and dynamical points of views. Finally, in Sect. 6 we draw conclusions from our findings.
2 OBSERVATIONAL DATA 2.1 TESS observations 2.1.1 TIC 167692429 TIC 167692429 was observed by the TESS spacecraft (Ricker et al. 2015) during Year 1 in short cadence (SC) mode nearly continuously with the exception of Sector 5. Similar to other EBs in (or near) the continuous viewing zone ('CVZ') we downloaded the calibrated SC data files for each sector from the MAST Portal 1 . The TESS lightcurve of TIC 167692429 is presented in Fig. 1 .
As soon as the data from the first four sectors became available and were downloaded, we realized that eclipse timing variations ('ETVs') of the primary and secondary eclipses exhibit non-linear, and mostly anticorrelated behaviour that are most probably of dynamical origin (see, e.g., Borkovits et al. 2015) . Data from this object over the next few sectors indicated that the eclipse depths were slightly increasing, and that the primary and secondary ETVs, though Notes. Sources of the SED information. a: AAVSO Photometric All Sky Survey (APASS) DR9, (Henden et al. 2015) , http://vizier.u-strasbg.fr/viz-bin/VizieR?-source=II/336/apass9; b:Tycho-2 catalogue (Høg et al. 2000) ; c : 2MASS catalogue (Skrutskie et al. 2006) ; d: WISE point source catalogue (Cutri et al. 2013 Figure 1 . The TESS lightcurve of TIC 167692429. Instead of the full resolution detrended SAP SC flux curve, we plot the 1800-sec binned lightcurve which was used for the photodynamical analysis (see text for details). First row, upper panel: The complete (Sectors 1-4, 6-13) lightcurve is plotted with blue dots. Red curve represents the cadence-time corrected photodynamical model solution, see Sect. 3. The thin black curves in the data gaps show the continuously sampled model lightcurve. Alternating gray and white stripes denote the consecutive TESS sectors. Second row, upper panel: An 18-day-long section of the lightcurve around the time of periastron passage of the third star. The dark blue circles in the ±0. p 3 phase-domain around each individual minimum represents the 1800-sec binned flux values used for the photodynamical model, while the other out-of-eclipse data (not used in the modelling) are plotted as grey circles. The red curve is the cadence-time corrected photodynamical model solution; the residuals to the model are also shown in the bottom panels.
converging weakly, did not show any characteristic nonlinearity up to the second half of Sector 10. Then in Sector 11 both the eclipse depths and their timings changed dramatically hinting at the periastron passage of a third body in a significantly inclined and remarkably eccentric orbit.
This led us to collect all the observations and then carry out a complex photodynamical lightcurve and ETV analysis (see, e.g., Borkovits et al. 2019a) . For this purpose we used the Simple Aperture Photometry ('SAP') data. We removed all data points flagged with non-zero values. Then we normalized the fluxes from each sector and concatenated them.
Finally, we used the software package Wōtan (Hippke et al. 2019) to detrend the lightcurves removing the instrumental effects. In order to check that we did not remove those lightcurve features which might have arisen from binary star interactions (e.g., ellipsoidal variations, reflection effect, Doppler-boosting) we made phase-folded, binned and averaged lightcurves both from the original and the detrended lightcurves, and adjusted the Wōtan flattening parameter to such a value that the folded, binned, averaged detrended lightcurves qualitatively preserve the same out-of-eclipse features as the non-detrended ones. 
TIC 220397947
This target was observed by TESS during Sectors 2-6, 8, 9 and 12. Short cadence lightcurves are available only from Sectors 3, 4, 9 and 12. Similar to the other target above, SC lightcurves were downloaded from MAST Portal. For the long cadence (LC) lightcurves of those sectors where SC data were not available we processed the TESS full-frame images using a convolution-based differential photometric pipeline, based on the various tasks of the Fitsh package (Pál 2012) . Namely, small stamps with a size of 64 × 64 pixels were extracted centered on the target source and a combined, stray light-free median image (created from 11 individual frames) was used as a reference for the image subtraction algorithm. The implemented image subtraction algorithm also accounts for the variations in the point-spread functions (PSF) by fitting the appropriate convolution transformation. While the actual variations in PSF are comparatively small, this step is important for removing the effect of the gradual drift in the light centroid positions caused by the differential velocity aberration. Instrumental fluxes were obtained using the appropriate equations provided by Pál (2009) , while the zero-point reference was computed using the Gaia DR2 RP magnitudes (Gaia collaboration 2016 (Gaia collaboration , 2018 . This RP magnitude is a rather accurate estimation due to the significant overlap of the TESS and Gaia passbands (Ricker et al. 2015; Jordi et al. 2010) . We also downloaded LC lightcurves for Sectors 2-5 from the TESS Full Frame Image Portal 2 which hosts the data products from the pipeline of . While for the determination of the mideclipse times for each eclipse observed by TESS we used both the long and the short cadence data, for the photodynamical analysis we used only the Wōtan-detrended short cadence SAP lightcurve. A segment of the TESS lightcurve of TIC 220397947 is presented in the right panel of Fig. 2 .
WASP observations
Both TICs 167692429 and 220397947 are amongst the millions of stars that have been observed as part of the WASP survey. The survey is described in Pollacco et al. (2006) and Collier Cameron et al (2006 
ETV data
We determined the mid-time of each eclipse observed by TESS using both the SC and LC lightcurves, though for all further analyses, eclipse times obtained from the LC lightcurves were used only where SC data were unavailable. The method we used is described in detail by Borkovits et al. (2016) . Note, that in the case of TIC 167692429, for the eclipse depth and duration variations during the 11 months of the TESS observations, in addition to the template fitting approach (Borkovits et al. 2016) , we also found the eclipse times by fitting a parabola to each eclipse bottom. The two methods, however, resulted in very similar values, well within the estimated accuracies; therefore, we decided to use the first set of the ETV data obtained by using the method of Borkovits et al. (2016) .
Regarding the WASP observations, TIC 167692429 did not exhibit eclipses during these measurements. By contrast, for TIC 220397947 several eclipses were observed during the four seasons of the WASP observations. Most of these eclipses, however, were unfortunately only partially covered and therefore, they do not lead to accurate eclipse timing determinations. Instead of the determination of the minima from a few average seasonal lightcurves, we found it to be more appropriate for our purposes to select the relatively better observed individual eclipses and determine their mideclipse times. Though these times of minima exhibit large scatter, they manifest a significant trend which leads us to the conclusion that TIC 220397947 might indeed be a 2+1+1 type quadruple system.
The times of minima of the two systems are listed in Tables 2 and 3, while the ETV curves are shown in Figs. 3 and 4 for TICs 167692429 and 22039794, respectively.
SED data and Gaia results
Despite the relative brightnesses of both EBs we have found only a very limited number of spectroscopic measurements in the literature (without any indications of the multiplicity of the sources). In particular, we found no RV data during our literature searches. As a consequence, no dynamically constrained masses are available for these systems. Furthermore, although the spectroscopic survey TESS-HERMES DR-1 (Sharma et al. 2018) gives spectroscopically determined effective temperatures for both systems, the surface gravities (log g) derived from the same spectra clearly contradict our lightcurve solutions. Therefore, we utilized a combination of SED data, PARSEC theoretical stellar isochrones (Bressan et al. 2012 ) and photodynamical model solutions (see Sect. 3, below) to determine the stellar masses and temperatures. In order to do this, we took compiled J, H, Ks, W1, and W2 magnitudes from the eighth version of the TESS Input Catalog (TIC-8, Stassun et al. 2018) , which in turn -0.010 -0.008 -0.006 -0.004 -0.002 0.000 0.002 0.004 0.006 S02 S03 S04 S05 S06 S07 S08 S09 S10 S11 S12 Henden et al. 2015) and also BT , VT magnitudes from Tycho-2 catalog (Høg et al. 2000) . Furthermore, we also utilized Gaia G, BP and RP magnitudes, and trigonometric parallax DR2 taken from Gaia DR2 (Gaia collaboration 2018). Finally, we also took from TIC-8 the metallicity [M/H] obtained from the spectroscopic survey TESS-HERMES DR-1 (Sharma et al. 2018 ).
We also consulted the Gaia DR2 and the Hippar-cos/Tycho data bases for varying proper motion results. Both targets are included in the Tycho-2 catalog (Høg et al. 2000) . There are no significant proper motion changes during the 24.25 years long baseline for our targets. For TIC 220397947 the proper motion errors are very close to the median value of the corresponding brightness range (see Table 2 . of Høg et al. 2000) and are consistent with the Gaia data within 2 σ. The errors for TIC 167692429 are slightly larger, which can be due to the smaller number of observations. In order to be able to include proper motion data into the analysis we have to wait for the Gaia final data release which will contain all epoch and transit observations. All data listed above are presented in Table 1 . 
JOINT PHYSICAL AND DYNAMICAL MODELLING OF ALL THE AVAILABLE OBSERVATIONAL DATA
In our previous work (Borkovits et al. 2019a,b) we carried out joint, simultaneous spectro-photodynamical analyses of light-, ETV-, and radial-velocity (RV) curves of a number of compact hierarchical multiple systems. In those cases there were available one or more RV curves and, therefore, we were able to determine model-independent, dynamical masses for each component. 3 In the present situation, however, in the absence of RV measurements we adopted an alternative, and astrophysical model-dependent method, inferring stellar masses and temperatures from the combined modelling of lightcurves, ETVs, multiple SEDs, and stellar evolution models.
The combination of stellar isochrones and/or SED fits with an eclipsing binary lightcurve solver was introduced previously by, e.g., Devor & Charbonneau (2006) who pointed out that this method could lead to reasonable mass estimations for a large number of faint EBs observed during large photometric surveys. Later, Moe & Di Stefano (2013 analysed hundreds of EBs in the LMC in a similar manner. A related empirical method has also been used by Maxted & Hutcheon (2018) for characterizing EBs from the K2 survey. Most recently, Windemuth et al. (2019) have determined physical and orbital parameters in such a manner for the detached EBs in the original Kepler field. Our method was mainly inspired by the paper of Windemuth et al. (2019) , however, as far as we are aware, our efforts are the first to apply the SED+isochrone fitting method for multiple stellar systems.
For the combined modeling, we incorporated into the software package Lightcurvefactory (see Borkovits et al. 2019a,b , and further references therein) the ability to handle tables of stellar isochrones and also to fit isochrone generated SED data to the observed magnitudes making use of the known Gaia distance.
For this purpose we generated machine readable PAR-SEC stellar isochrone grids (Bressan et al. 2012 ) via the web based tool CMD 3.3 4 . The table(s) contain initial and actual stellar masses, bolometric luminosities (log L/L ), effective temperatures (log T eff ), surface gravities (log g), as well as absolute stellar passband magnitudes in several photometric systems for the user selected grid of stellar metallicities and ages (log τ ). Lightcurvefactory now uses this table to calculate the above listed parameters (with trilinear interpolation) for the set of (mass, metallicity, age) values of the given star(s) under analysis. Then for the lightcurve analysis part of the problem, the obtained effective temperatures and stellar radii can be used directly to generate the model lightcurve, while for the SED fitting the interpolated absolute passband magnitudes are converted to observed ones, taking into account the interstellar extinction and the distance of the system. To calculate the interstellar reddening, following the treatment of TIC-8 catalog, we corrected for line-of-sight dust extinction assuming a standard exponential model for the dust with a scale height of 125 pc.
The main steps of our joint analysis were as follows.
(i) First, we carried out a joint photodynamical lightcurve and ETV analysis of both systems, applying a Markov Chain Monte Carlo (MCMC) parameter search. Initially, we modelled both systems as hierarchical triple stars.
Regarding the TESS SC lightcurves, in order to re-duce the computational time we binned the two-minute cadence data, averaging them every half hour (i.e., 1800 s). Then, we narrowed the lightcurves to be modelled to ±0. p 03 and ±0. p 04 phase-domain regions around each eclipses, for TICs 167692429 and 220397947, respectively. Then these lightcurves were used in the photodynamical analysis (applying, of course an appropriate cadence time correction). Having obtained the WASP observations of TIC 220397947, we realized that systematic departures from the expected (i.e., back-projected) eclipse times occurred one decade before the TESS observations, as well as a different eclipse period for the inner binary at that time. This was evident not only from an extended ETV analysis, but also directly from the fitted WASP lightcurves which contain several only partially observed eclipses (and were not included into the ETV analysis). Therefore, we decided to model TIC 220397947 as a quadruple stellar system, having a 2+1+1 hierarchy. Therefore, besides the TESS SC observations, we included in the MCMC search another lightcurve file, containing the similarly narrow sections around all the eclipses observed (mostly partially) with the WASP cameras. Furthermore, the times of minima deduced from the WASP observations were also added to the ETV curves to be fitted.
Similar to our previous work, in these runs we adjusted the following parameters:
-Three parameters related to the orbital elements of the inner binaries. For TIC 167692429 these parameters were as follows: the eccentricity (e1), the phase of the secondary eclipse relative to the primary one (φsec,1) which constrains the argument of periastron (ω1, see Rappaport et al. 2017) , and the inclination (i1). For TIC 220397947 however, because of the very small eccentricity of the eclipsing pair, adjusting the more commonly used parameters (e sin ω)1 and (e cos ω)1 was found to be more practical. 5 -Six parameters related to the orbital elements of the wide orbit of the third component: P2, (e sin ω)2, (e cos ω)2, i2, the time of periastron passage of star C along its wide orbit (τ2), and the position angle of the node of the wide orbit (Ω2). 6 Furthermore, in the case of the analysis runs for 2+1+1 quadruple representing TIC 220397947 a similar set of the orbital parameters (P3, [e sin ω]3, [e cos ω]3, i3, τ3 and, Ω3) were adjusted for the outermost orbit.
-Two (or three) mass-related parameters: the mass ratios of the two (or three) orbits q1, q2, (and q3);
-and, finally, four (five) other parameters which are related (almost) exclusively to the lightcurve solutions, as follows: the duration of the primary eclipse (∆t)pri closest to epoch t0 (which is an observable that is strongly connected to the sum of the fractional radii of stars A and B, i.e., scaled by the inner semi-major axis, see Rappaport et al. 2017) , the ratio of the radii of stars A and B (RB/RA), and the temperature ratios of TB/TA, and the passband-dependent extra light(s) TESS (and WASP).
Turning to the other, lightcurve-related parameters, we applied a logarithmic limb-darkening law, where the coefficients were interpolated during each trial step from the pre-computed passband-dependent tables in the Phoebe software (Prša & Zwitter 2005) . The Phoebe-based tables, in turn, were derived from the stellar atmospheric models of Castelli & Kurucz (2004) . Due to the nearly spherical stellar shapes in both inner binaries, accurate settings of gravity darkening coefficients have no influence on the lightcurve solution and, therefore, we simply adopted a fixed value of g = 0.32 which is appropriate for stars having a convective envelope according to the traditional model of Lucy (1967) . Regarding the illumination/reradiation effect we found that it was quite negligible for the eclipsing pair of TIC 167692429, while it had a minor effect ( 500 ppm) for the lightcurve of TIC 220397947. Therefore, in order to save computing time, this effect was neglected. On the other hand, the Doppler-boosting effect (Loeb & Gaudi 2003; van Kerkwijk et al. 2010) which was also found to be negligible, but needs only very minor additional computational costs, was included into our model.
Moreover, in this first stage of analysis we set the unadjusted primary masses (mA) and effective temperatures (TA) to the values given in the TIC. Here we emphasize, that at this stage the actual value of the masses and temperatures of the primaries played only a minor role, since we used these runs largely to constrain temperature ratios of the EBs, as well as the mass ratios of both the inner and outer binaries.
These runs revealed that both inner binaries were comprised of similar stars (i.e., both the inner mass and temperature ratios were found to be close to unity). Furthermore, from these lightcurve solutions we were able to obtain reasonable estimates for the local surface gravities of each EB member star. For TIC 167692429 we found log g ≈ 4.0 − 4.1 for both stars, while for TIC 220397947 it was found to be log g ≈ 4.1 − 4.3 and ≈ 4.2 − 4.4 for the primary and the secondary, respectively. These sets of the preliminary solutions have also shown that the additional outer stellar components are less massive stars which add only minor contributions to the systems' brighnesses and, therefore, can safely be omitted for the next step, i.e. for the preliminary SED fitting of the EBs. (ii) In the next step we fitted the observed passband magnitudes 7 (see Table 1 ) to SED models to find the approximative temperatures of the binary members. We fixed the 7 Note, for all of the SED-fitting processes we arbitrarily multiplied the small uncertainties of Gaia's G, G BP , G RP magnitudes by a factor of ten for two reasons. First, we wanted to avoid the extreme over-dominance of these three magnitudes during the χ 2optimization processes. The second reason was to counterbalance the expected larger systematic errors in the model SED magnitudes that were interpolated from the grid points. The uncertainties in the Gaia magnitudes are two orders of magnitude smaller than for the other SED points as well as compared to the systematic errors in the model SED. We therefore decided to adopt an inner mass ratios (q1) to the values obtained previously in step (i), while a preliminary value for the primaries' masses were again taken from the TIC catalogue. With these stellar masses we initialized an SED fitting procedure with the use of the built-in MCMC solver of our code. At this stage we adjusted only the stellar age (log τ ) parameter, while stellar metallicities and the interstellar extinction parameter E(B − V ) were kept fixed at their catalog values. Moreover, the photometric distance was recalculated at each trial step so as to minimize χ 2 SED . In such a manner we quickly found realistic T eff values for the binary member's temperatures. (iii) Then, using these temperatures, log gA 8 , mass ratio (q1), and the ratio of the radii (rB/rA) obtained in the previous lightcurve fits, we searched the interpolated 9 PARSEC isochrone grids for those items (i.e. age, metallicity, mass triplets) where both the primary's and secondary's log T effs and log g-s were simultaneously within a few percent of the values obtained in the previous steps. These grid items (i.e. metallicity, age, and primary stellar mass values) were selected as the initial trial values for the first round of the combined SED (isochrone) and lightcurve fits. Because we understood from step (i) that the outer stellar components yield only a minor contribution to the SED, in order to save substantial computational time at this point, we formed and fit folded lightcurves from the TESS SC observations of the two binaries. (Note, in the case of TIC 167692429 we used only the Sector 1-9 data, when the EB's lightcurve showed only minor variations in both eclipse shape and timing.) Then we binned these curves into 2000 uniform phase cells around the two eclipses and 500 cells in the out of eclipse sections. For each cell we kept only the average of the individual flux values within the given cell.
These phased lightcurves were fitted simultaneously with the SED, using the corresponding, interpolated PARSEC isochrones. The initial values of the primary mass (m1), stellar age (log τ ) and metallicity ([M/H]) were taken from the above mentioned parameter triplets. During the MCMC runs these variables were adjusted together with the mass ratio (q1), the orbital element-related parameters (see above), the third light ( ), the extinction parameter [E(B-V)] and uncertainty for the Gaia magnitudes that is the geometric mean between the actual Gaia magnitude uncertainties and the other uncertainties in this part of the problem. Substantially smaller uncertainties for the Gaia points would render the other SED points of little value, while larger uncertainties for the Gaia magnitudes would fail to make use of their high precision. 8 Strictly speaking, in the absence of a priori knowledge of the primary's mass, the photodynamical lightcurve analysis results in only log g A * = log g A − 1 3 log m A , (see, e.g. Hajdu et al. 2017 ) from which value, however, log g A can be easily calculated for each individual trial mass. Then, the trivial relation of log g B = log g A + log q 1 − 2 log(r B /r A ) gives the surface gravity of the secondary. 9 During this search process the primary's actual mass (m A ) was the only free parameter, which was increased evenly between 0.5 M and 3.0 M with a stepsize of 0.01 M . At the same time, we calculated the secondary's mass from the mass ratio (q 1 ). Then for all the numerous doublets (metallicity, log age) in the PAR-SEC table, we calculated the other astrophysical parameters (i.e. T eff -s, log g-s, and R-s) for both masses (m A and m B ), linearly interpolating between the previous and the next mass grid elements.
the distance of the actual system (d). Regarding this last item, our treatment slightly departs from that of Windemuth et al. (2019) . Those authors used Gaussian priors for the distance calculated from Gaia's DR2 trigonometric parallax (and its uncertainty). We, however, used a uniform prior, initializing the distance variable with the Gaia trigonometric distance, but allowing practically any distance and, therefore, not penalizing any departures from the Gaia DR2 distances. The use of a uniform prior instead of a Gaia parallax-based Gaussian prior can be justified because at this stage we have not yet considered the other stellar components of these multiple star systems. And, since a minor part of the targets' total fluxes was thereby omitted, the binaries would be slightly fainter and, consequently, seemingly closer than the complete multiple systems.
As a conclusion for this stage of the analysis we obtained dozens of lightcurve solutions for a large variety of stellar age, metallicity and mass triplets which were equally satisfactory or, quantitatively, where we found that χ 2 1.1 × χ 2 min . (iv) For the final stage in the analysis, our original intention was to select those solutions from the previous stage where the inferred photometric distance was within the 3σ uncertainty of the Gaia distance, and initialize the joint photodynamical lightcurve, ETV curve, SED and PARSEC isochrone analysis with these parameters. However, we found that for TIC 167692429 all former stage solutions resulted in an incompatible distance with the Gaia result. Therefore, for this triple star, instead of the distances, we have chosen those solutions which were compatible with the metallicity given in the TIC. Oppositely, for TIC 220397947 we used the distances for the selection.
At this stage the radii and effective temperatures of all three (four) stars were constrained by PARSEC isochrones. Apart from these, the adjusted parameters were the same as those listed in item (i) and item (iii) above. Moreover, in the case of TIC 220397947 we applied a Gaussian prior to the distance peaked at Gaia's result; however we set σ = 3σGaia, allowing for the inclusion of some systematic effects that might be present in the Gaia DR2 results due to the multiplicity of stars. On the other hand, for TIC 167692429 we kept a uniform prior on the distance.
A flow diagram of the entire fitting process is drawn in Fig. 5 .
The orbital and astrophysical parameters derived from the photodynamical analysis are tabulated in Tables 4 and 5, and will be discussed in the subsequent Sections 4 and 5. The corresponding model lightcurves are presented in Figs. 1, 2 , while the model ETV curves plotted against the observed ETVs is shown in Figs. 3, 4 .
PHYSICAL PARAMETERS OF THE COMPONENTS

TIC 167692429
The preliminary stages of the analysis revealed that this system consists of non main-sequence components. The initial search amongst the PARSEC grids resulted in both preand post-MS isochrones. As was expected, we found that for lower metallicity values we obtained appropriate isochrones of lower mass stars (i.e., for a given initial mass, the more metal-rich a star is, the lower its effective temperature). Furthermore, we found, that for a given metallicity, the pre-MS isochrones, in general, belonged to more massive stars than the corresponding post-MS ones. We used isochrone grids in the metallicity range −1.182985 ≤ [M/H] ≤ 0.595166. Within this range, our preliminary search resulted in probable primary masses within 0.80 M mA 1.95 M . As the effective temperatures of the EB members, and their relative radii, as well as the mass ratio are relatively wellknown from the previous stages of the analysis, one can find that in this case, apart from additional light sources (i.e., the third component, being significantly less luminous), the total brightness of the system scales simply with the primary's mass according to Ltot ∝ mA 2/3 . In such a way there is a direct relation between the primary's mass and the (photometric) distance to the system (see lower right panel of Fig. 6 ).
As was mentioned in the previous section, in this way we have found a significant discrepancy between the trigonometric distance derived from the Gaia DR2 parallax, and the photometric one obtained from our joint analysis. For the most massive solutions (i.e., for mA ∼ 1.95 M ), our combined analysis-including the third star and the interstellar extinction-has resulted in a photometric parallax higher than the Gaia DR2 result at the ≈ 3σ level. Moreover, these most massive star scenarios belonged to the extreme metal rich stellar isochrones (i. e. [M/H] ≈ 0.59), while for TIC 167692429, the TIC lists [M/H] = −0.309829 ± 0.0462466. Regarding only the metal deficient (relative to the Sun) isochrones we find primary masses mA 1.47 M , which makes the distance discrepancy more significant.
This discrepancy perhaps can be resolved by the fact that the astrometric solutions used to produce the Gaia DR2 parallax do not take into account the wide outer binary nature of the systems. Similar, or even much larger discrepancies, have been reported, e.g., by Benedict et al. (2018) who compared HST and Gaia Parallaxes and concluded that 8% of their "comparison sample of Gaia DR2 parallaxes have some issues with either target identification (high proper motion?) or binary motion." In our case the source of the discrepancy might be the P2 ≈ 331-day outer binary orbital motion. As one readily can find from Table 4 , a2 ≈ 1.4 au. Taking into account that the outer mass ratio is q2 ≈ 0.34, the binary's center of mass orbit has a semi-major axis of aAB ≈ 0.4 au. According to our orbital solution the major axis of the outer orbit viewed nearly edge-on practically coincides with the node (i2 ≈ 86 • ; ω2 ≈ 0 • ); therefore, the projected, near one-year-period orbital motion of the photocenter is practically a straight line segment having a length comparable (≈ 40%) to the trigonometric parallax, which might be co-measured with it.
In conclusion, unfortunately, in this case we cannot simply filter out the isochrones belonging to stellar masses that are inconsistent with the system's distance. Instead, we selected isochrones with [M/H] ≤ 0.0, and looked for solutions within this metallicity constraint. We initiated several MCMC chains both in the post-and the pre-MS domains. In the upper panels of Fig. 6 we show the mA versus log τ and mA vs [M/H] plots for both domains. These figures nicely illustrate the above mentioned strong interdependencies amongst stellar masses, ages and metallicities. Further- Figure 5 . Flow diagram for the entire combined fitting analysis. We also list radial velocity data in the rectangle with dashed borders. RV data were not used, however, in the present analysis because they were unavailable for these two systems; but, in principle, these can also be used in the combined analysis. more, one can see that the distributions of the appropriate stellar physical parameters are discontinuous, e.g., in the mA vs log τ and mA vs [M/H] planes.
This fact is also well illustrated in Fig. 7 where one can readily see the distinctly structured nature of the distribution for mA. In particular, note the total lack of allowed solutions with primary mass mA ∼ 1.24 M . We claim that this is a real physical effect and not simply an artefact caused by insufficient MCMC sampling. We justify this claim by noting that even in step (iii) of our complex process, i.e., while searching for PARSEC isochrone grid elements that a priori fulfill some preconditions characteristic of the given system (i.e. primary star temperature, mass and temperature ratios, etc, see Sect. 3), we found only a small number of appropriate grid elements at these primary masses (relative to other masses). And later, when we initiated additional runs setting the input values of mA, [M/H], log τ to lie directly in the gaps of Figs. 6 and 7, all these chains walked to the previously obtained islands of the a posteriori parameters.
The complex explanation for this fact is beyond the scope of this paper. Here we simply refer to the evolutionary tracks formed from the PARSEC isochrones (see Fig. 8 ) where one can see that, e.g., in the case of the post-MS models for TIC 167692429 all three stars are located at very rapidly and steeply varying parts of their evolutionary tracks. We surmise that these 'kinks' in the evolutionary tracks might cause there to be no combinations of coeval evolutionary tracks of the three stars (with given mass ratios) for specific primary masses which would produce the required combination of stellar parameters that match the observed data.
In Table 4 we list our results for both the post-MS and pre-MS domain. As one can see, apart from the ambiguity discussed above related to the triplets of (mass, age, metallicity), the two solutions are very similar. In particular, the present orbital configuration and dynamics of our triple are very well determined by the observations and, in this sense, our results are conclusive. (The orbital and dynamical implications of the results will be discussed in the forthcoming section 5.) From an astrophysical point of view, however, we cannot decide with certainty whether TIC 167692429 is a young, pre-MS system or, conversely, it is an old, evolved system. Though, the old, evolved scenario seems to be somewhat preferred in a statistical sense from our fits. What is certain is that the inner binary is comprised of two F-type twin stars (q1 = 0.99 ± 0.02), and the distant, third star is a less massive, G-type object. The locations of the three stellar components on their appropriate PARSEC evolution tracks for both solutions are plotted in Fig. 8 . It is interesting, at first glance, that the pre-MS solution results in hotter inner Table 4 . Orbital and astrophysical parameters of TIC 167692429 from the joint photodynamical lightcurve, ETV, SED and PARSEC isochrone solution. Besides the usual observational system of reference related angular orbital elements (ω, i, Ω), their counterparts in the system's invariable plane related dynamical frame of reference are also given (ω dyn , i dyn , Ω dyn ). Moreover, im denotes the mutual inclination of the two orbital planes, while i inv and Ω inv give the position of the invariable plane with respect to the tangential plane of the sky (i. e., in the observational frame of reference). Columns 2-4 represent post-MS solutions, while columns 5-7 list the results of pre-MS solutions.
Post-MS solution
Pre binary stars by ∆T eff ≈ 50 − 100 K relative to the post-MS solution (see, also, the lower left panel of Fig. 6 ). This difference corresponds to 2-3-σ uncertainties of both solutions. We interpret this finding by noting the fact that, in the case of the pre-MS solution, the third stellar component is found to be cooler by ≈ 1 000 K, while its luminosity remains nearly the same as for the post-MS case. Therefore, the members of the inner binary must be hotter to counterbalance the flux excess of the cooler tertiary on the infrared tail of the cumulative SED curve. Table 5 . Orbital and astrophysical parameters of TIC 220397947 from the joint photodynamical lightcurve, ETV, SED and PARSEC isochrone solution. Besides the usual observational system of reference related angular orbital elements (ω, i, Ω) their counterparts in the system's invariable plane related, dynamical frame of reference are also given (ω dyn , i dyn , Ω dyn ). Moreover, (im) X−Y denote the mutual inclination angle between orbits of subsystems X and Y, while i inv and Ω inv gives the position of the invariable plane with respect to the tangential plane of the sky (i.e., in the observational frame of reference Despite the fact that our solutions have strongly degenerate dependencies on metallicities, masses, and ages, and the a posteriori distributions of some of the astrophyiscally most important parameters in the sample are far from Gaussian (see Fig. 7 ), we estimated their uncertainties formally as if they had normal distributions. Specifically, we have sim-ply chosen to report the median value of each parameter as well as integrating the usual percentiles in both directions from the median value. In this simplistic way we obtained, e.g., 3% − 5% 1-σ uncertainties in the stellar masses. 10 The smaller uncertainties in the pre-MS case arise from the narrower mass-region which can produce acceptable solutions within the investigated domain of metal-deficient isochrones, i.e., −1.18 ≤ [M/H] ≤ 0.0 (again, see Fig. 6 ).
Our post-and pre-MS solutions give extinctioncorrected photometric parallaxes of phot = 1.81 +0.02 −0.05 mas and phot = 1.74 ± 0.02 mas, respectively, which are both substantially larger than Gaia's DR2 = 1.41 ± 0.03 mas. One can expect a resolution of this discrepancy when the DR3 edition of the binary-motion-corrected Gaia results is released in 2021.
Returning to the mass-age relations (Fig. 6) , one can see that primary star masses in the range of 1.35 M mA 1.41 M might pertain to both pre-and post-MS solutions. As a consequence, if some future RV observations yield dynamical masses outside the above mass range, one will be able to decide immediately, whether the post-or the pre-MS scenario is valid. A similar statement can be made in the context of the expected very accurate Gaia DR3 distances. A trigonometric parallax of DR3 1.80 mas would clearly imply an evolved scenario, while DR3 1.70 mas is expected to be found only for the case of the pre-MS solutions.
certainties using a quite similar method to obtain fundamental parameters from combined lightcurve and isochrone analysis of EBs of the LMC.
TIC 220397947
As discussed above, for this system we took into account the Gaia DR2 parallax, applying a Gaussian prior to the photometrically obtained parallax. We found that in the neighbourhood of the catalog's metallicity values of [M/H] = −0.668558 ± 0.0612805 our solutions led to photometric parallaxes that were too large compared to Gaia's result and, therefore, these strongly metal deficient solutions were highly penalized by the Gaussian prior. We found that moderately metal-deficient isochrones offer solutions which are in accord with the Gaia distance. A bit surprisingly, however, our MCMC parameter searches favoured very young stellar ages, i.e., pre-MS star solutions instead of evolved star scenarios (see Table 5 and Fig. 9, as well) . In our understanding, this arises from that fact that the inner mass ratio (q1), which is determined chiefly by the ETV curve, and the temperature ratio (T eff,B /T eff,A ), which primarily sets the primary-to-secondary eclipse depth ratio, were slightly discrepant for the evolved star solutions. In other words, in the case of post-MS solutions, when the mass ratio (q1) was found from the ETV fit, the secondary eclipses were too deep relative to the primary ones (i.e., χ 2 LC became larger), while for the correct temperature ratio and, therefore proper eclipse depths, the ETV residuals were too large (i.e., χ 2 ETV penalized the solution).
Note, the circular inner orbit does not contradict the inferred very young age of the system. As was shown by Zahn & Bouchet (1989), orbits of late type stars with P 7 − 8 d are expected to circularize by the end of their first million years of pre-MS evolution.
ORBITAL PROPERTIES AND DYNAMICAL EVOLUTION
In contrast to the stellar ages and masses, the dynamical properties of both systems are robustly determined.
TIC 167692429
This triple has a mutual inclination of im ≈ 27 • , which remains below the high eccentricity excitation Lidov-Kozai regime (i.e., 141 • im 39 • , see e. g., Lidov 1962; Kozai 1962; Naoz 2016 ) and excites only small, but rapid eccentricity oscillations with a full-amplitude of ∆e1 ≈ 0.05 and a period of Pe 1 ≈ 8000 d. Therefore, one can conclude that the present configuration of the system is stable. We also confirmed this conclusion with a 10 million-year-long numerical integration, which did not show any dramatic variations in the orbital parameters. Therefore, we restrict our discussion only to some short-term, (partly) observational related facts. We plot the variations of some of the orbital elements during the first century of the recent milllenium in the four panels of Fig. 10 . Besides the above mentioned cyclic, apsenode timescale eccentricity variations, the spikes around the periastron passage of the outer orbit are also clearly visible (upper left panel). One can expect to detect these ∼ 20-yr period eccentricity cycles via radial velocity follow up observations. Furthermore, the dominant dynamically forced apsidal motion is also clearly visible (upper right panel). We plot the variations of both the observable arguments of periastron, i.e., the angle between the intersection of the respective orbital plane with the tangential plane of the sky, and the periastron point of the given orbit, and its dynamical counterpart, i.e., a similar angle measured between the intersection of the two orbital planes and periastron. While the former angles can be directly obtained from both radial velocity measurements and ETV and lightcurve analyses, the latter ones have an important role in the dynamical evolution of the system (see, e. g. Borkovits et al. 2007 Borkovits et al. , 2015 for a more detailed discussion about the different effects of the observable and dynamical arguments of periastrons and nodes).
As a consequence of their non-coplanarity, both orbital planes precess with a period of about P node ≈ 70 yrs. During this interval, the dynamical nodes regress by 360 • on the invariable plane (see bottom left panel of Fig. 10 ), while the normals to the inner and outer planes move along cones with half angles equal to the dynamical inclinations (i dyn1,2 ≈ 21 • and ≈ 6 • , respectively) of the two orbits. The consequent variations of the observable inclinations are plotted in the bottom right panel, while the most spectacular observational effect of this precession is shown in Fig. 11 . Perhaps the most interesting feature of this triple is that, for the almost edgeon invariable plane (iinv ≈ 85. • 6), the system is also subject to outer eclipses during certain intervals. Interestingly, by chance, the intervals of the regular inner, and the more or less random outer, eclipses do not overlap each other. The last period of outer eclipses has ended in 2014 just one year before the start of the recent inner eclipsing episode at the end of 2015. Similarly, the forthcoming outer eclipse is expected in 2056, while the next cycle of regular, inner eclipses is predicted to finish in 2055.
Realizing that, according to our photodynamical solution, the target might have produced outer eclipses during the interval of the WASP observations we checked the photodynamical model lightcurve against the WASP observations. In Fig. 12 we plot the (1-hour binned) WASP observations together with the photodynamical model. We found that all but the last outer eclipse during that interval fell into seasonal gaps (see left panel of Fig. 12 ). The last event, however was found to be very close to the only extra dimming observed by the WASP cameras on the nights of 12 and 13 March, 2012, which previously was thought to be an artefact. Therefore, as a very last step, we added the WASP lightcurve to the complex photodynamical, SED, and isochrone parameter search process, to refine our solution, and we were actually able to find sets of the initial parameters which led to solutions in accord with the location of the dimming observed by WASP (right panel of Fig. 12) .
Note, however, that our extended MCMC runs in this last stage were unable to reproduce the depth of this extra dimming event perfectly. All the accepted model parameter sets resulted in a systematically shallower extra eclipse with a discrepancy of ∼ 0.01 − 0.015 mag. This might result from slightly discrepant (i) model ratios of the stellar surface brightnesses; (ii) other parameters such as the size of star C (which was fully eclipsed by the inner binary during that event) relative to the A-B binary members; or (iii) some of the dynamical parameters which could result in somewhat inaccurately modelled orbital perturbations going back six years. One should keep in mind, however, that there are only 6 points out of a total of ∼ 1700 lightcurve points which were used in the lightcurve modeling part of our fitting process. And, only these six points carry any direct information, for example, about the surface brightness and radius ratio of star C relative to the inner A-B binary members. Consequently, we cannot expect a perfect fit from such minimal information content. Despite this minor discrepancy, how- (The orbital elements were sampled nearly at the same orbital phases of the inner binary during each of its cycles.) The vertical orange shaded region in each panel marks the interval of the TESS observations. Upper left, eccentricities: Inner and outer orbits (black and red, respectively). Upper right, arguments of periastron: Observable (measured from the intersection of the tangential plane of the sky and the respective orbital plane) and dynamical (measured from the intersection of the two orbital planes) for the inner (black -observable; grey -dynamical) and outer orbits (red -obs.; orange -dyn., respectively). Bottom left, longitudes of the nodes: Observable (measured from an arbitrary starting point toward the intersection of the tangential plane of the sky and the respective orbital plane along the tangential plane of the sky) and dynamical (measured from the intersection of the invariable plane with the tangential plane of the sky toward the intersection of the two orbital planes along the invariable plane) for the inner (black -observable; grey -dynamical) and outer orbits (red -obs.; orange -dyn., respectively). Bottom right, inclinations: Inner and outer binaries (black and red curves, respectively). The wide green-shaded horizontal area denotes the inclination (i 1 ) domain of the inner binary where regular eclipses can occur. The narrower blue-shaded area stands for the outer inclination (i 2 ) domain for possible outer eclipses. (See text for details.) ever, we can conclude, that the WASP observations confirm the former extra-eclipsing nature of our target and, of course, this fact makes our solution more robust.
TIC 220397947
In contrast to the system above, this target has shown constant eclipse depths not only during the 10-month interval of TESS measurements, but similarly deep regular eclipses were also observed continuously during the four seasons of the WASP observations. This fact suggests that the inner triple system should be very flat. Not surprisingly, our photodynamical model has resulted in a mutual inclination of (imut)AB−C ≈ 0. • 6. On the other hand, however, as mentioned earlier, we found a clear discrepancy between the occurrence times of the WASP and TESS eclipses. In order to resolve this discrepancy, we assumed that TIC 220397947 is indeed an-at least-quadruple system with a hierarchical of 2+1+1 structure. The outmost orbital solution is, however, quite ambiguous and, even the presence of the fourth component remains questionable. Fortunately, apart from the time shift in the moments of the eclipses, the presence or absence of this low-mass stellar component affects only weakly both the present-day astrophysical and dynamical parameters of this system. for the first century of the present millennium. During one cycle of an ∼ 70 yr-long precession cycle there are two ∼ 11 yr-long intervals when the inner binary exhibits eclipses with continuously varying eclipse depths. Furthermore, interestingly, during the longer gaps between the regular binary eclipses, the system is subjected to outer eclipses, i.e., events when the outer, third star eclipses one or both members of the inner binary or, is eclipsed by them.
The situation is reminiscent of the case of the recently discovered quadruple system EPIC 212096658 ( al. 2019b). That system consists of a similarly flat and compact (P2/P1 = 59/2.9 ≈ 20.3 vs P2/P1 = 77/3.6 ≈ 21.4, for the K2 and TESS systems, respectively) inner triple subsystem, where the innermost EB is also formed by two stellar twins (q1 = 0.98 vs 0.95), though the stars of the former EB themselves are significantly less massive. Moreover, both systems consist of nearly circular inner orbits. The fourth, outermost, less massive component of EPIC 212096658 was found through the systematic deviations in both the systemic radial velocity of the triple system and the ETV residuals. In that case, however, the RV observations have covered more than 4.5 outermost orbital cycles and, therefore, the presence of the fourth star seems to be certain. In the present situation future RV and/or eclipse timing observations are necessary to judge the four-body hypothesis, and refine the orbital parameters of the widest orbit.
SUMMARY AND CONCLUSIONS
In this work we have reported the discovery and complex analyses of the first two compact hierarchical triple star systems discovered with TESS in or near its southern continuous viewing zone during Year 1. Both TICs 167692429 and 220397947 were previously unknown EBs, and the presence of a third companion star was inferred from ETVs exhibiting signatures of strong 3rd-body perturbations and, in the first system, also from eclipse depth variations. We carried out comprehensive analyses, including the simultaneous photodynamical modelling of TESS and archival ground-based WASP lightcurves, as well as ETV curves. Also, for the first time, we included in the simultaneous fits multiple star SED data and theoretical PARSEC stellar isochrones, taking into account Gaia DR2 parallaxes and cataloged metallicities. TIC 167692429 is found to be an eccentric triple star system consisting of two F-type twin stars forming the inner binary (P1 = 10. d 26, e1 = 0.17; q1 = 0.99), while the third, less massive G-type star is on a moderately mutually inclined and eccentric orbit (P2 = 331. d 5, e2 = 0.56, imut = 27 • ; q2 = 0.34). Given the mutually inclined configuration, the binary orbital plane precesses with a period of Papse ≈ 70 yr, causing ∼10 yr-long intervals where there are binary eclipses, interrupted by longer intervals with no binary eclipses, but during which irregular 3rd-body outer eclipses are predicted. We identify one likely outer eclipsing event near the end of WASP observations in 2012.
In the absence of available radial velocity and quantitative spectroscopic observations, we used theoretical stellar isochrones and SED data for constraining effective temperatures, masses and other fundamental parameters of the stars being investigated. Our original idea was to obtain reliable stellar temperatures with a combination of (i) integrated SED information, (ii) photodynamically obtained mass ratios and relative stellar radii, and (iii) theoretical stellar isochrones. This process resulted in a multitude of stellar isochrones with different triplets of {primary mass, age, metallicity} which were found to be consistent with the SED and the photodynamical lightcurve solutions. Then, taking into account the accurate Gaia DR2 distances and auxiliary cataloged metallicities, we expected to find a proper narrow range of the appropriate isochrones which would be consistent with the astrometric distances to the systems. In turn, this would lead to accurate stellar masses as well as stellar ages, metallicities, etc. Unfortunately, however, we found that either the Gaia distances or the metallicities, or both are strongly inconsistent with the solutions we obtained.
For TIC 167692429 the present Gaia DR2 distance would imply unphysically large stellar masses for the appropriate stellar radii, effective temperatures and metallicities. We interpret this inconsistency with the systematic effect of the almost 1-yr-period outer orbit on the trigonometric parallax measurements. As a consequence, in the present situation we are unable to obtain accurate stellar masses for this system and, furthermore, according to stellar isochrones TIC 167692429 might be either a very young (pre-main sequence), or old (evolved, post-MS) system. If some future RV observations produce dynamical masses, one will be able to decide whether the post-or the pre-MS scenario is valid. Furthermore, sufficiently accurate dynamical masses could be used to determine the metallicity as well as a more accurate photometric distance. In addition, after obtaining very accurate Gaia DR3 distances and spectroscopically obtained dynamical masses, this triple would be appropriate for highaccuracy testing of stellar isochrones.
In the case of TIC 220397947, this more compact coplanar triple has its binary formed by two F-type twins on an almost circular orbit (P1 = 3. d 55, e1 = 0.001; q1 = 0.95), while the low-mass tertiary star has a rather short orbital period (P2 = 77. d 1, e2 = 0.23, imut = 0. • 6; q2 = 0.25). Archival WASP photometric observations reveal a discrepancy in the eclipse times which we interpret in terms of the presence of a fourth, low-mass star in the system with an orbital period of P3 ≈ 2 700 d. In the absence of radial velocity observations, we were unable to calculate accurate masses and ages for the two systems. According to stellar isochrones TIC 167692429 might be either a very young (pre-main sequence), or old (evolved, post-MS) system. In the case of TIC 220397947 our combined solution prefers a young, pre-MS scenario. Both triples are currently scheduled to be observed during the TESS extended mission. Similar to the Year 1 measurements, TIC 167692429 is likely to be observed in all but one of the Year 3 sectors. Our photodynamical model predicts the deepest eclipses within the present 11 yr-long cycle of regular eclipses during these observations. 11 This fact, combined with spectroscopic and RV measurements, not to mention the future orbital-motion-corrected Gaia DR3 results, should offer extraordinarily accurate fundamental stellar parameters and orbital elements for this system. Furthermore, regular monitoring of the normal binary eclipses over the next few years, up to the conclusion of the present cycle of regular eclipses, would also allow us to detect not only the dynamically forced apsidal motion, but also other kinds of secular three-body perturbations (see Fig.13 ). Note that the amplitude and (quasi-)period of these secular (or, in the present context one might say, 'decadal') perturbations are very sensitive to the masses and the orbital configuration. Therefore, an accurate detection of these features may also lead to extremely accurate masses and other dynamical parameters.
TIC 220397947 is also expected to be re-observed in Year 3 sectors 29-33, 35, 36, 38, and 39 . These observations, hopefully, will either verify or reject the quadruple Two Micron All Sky Survey, which is a joint project of the University of Massachusetts and the Infrared Processing and Analysis Center/California Institute of Technology, funded by the National Aeronautics and Space Administration and the National Science Foundation.
We used the Simbad service operated by the Centre des Données Stellaires (Strasbourg, France) and the ESO Science Archive Facility services (data obtained under request number 396301).
